2. Assay For Synthetic Activity 

The ability of the modified enzyme or proteolytic fragments is assayed by 
adding the modified enzyme to an assay system in which a primer is annealed to a 
template and DNA synthesis is catalyzed by the added enzyme. Many standard 
laboratory techniques employ such an assay. For example, nick translation and 
enzymatic sequencing involve extension of a primer along a DNA template by a 

polymerase molecule. 

In a preferred assay for determining the synthetic activity of a modified enzyme 
an oligonucleotide primer is aimealed to a single-stranded DNA template, e.g., 
bacteriophage Ml 3 DNA, and the primer/template duplex is incubated in the presence 
of the modified polymerase in question, deoxynucleoside triphosphates (dNTPs) and 
the buffer and salts known to be appropriate for the unmodified or native enzyme. 
Detection of either primer extension (by denaturing gel electrophoresis) or dNTP 
incorporation (by acid precipitation or chromatography) is indicative of an active 
polymerase. A label, either isotopic or non-isotopic, is preferably included on either 
the primer or as a dNTP to facilitate detection of polymerization products. Synthetic 
activity is quantified as the amount of free nucleotide incorporated into the growing 
DNA chain and is expressed as amount incorporated per unit of time under specific 
reaction conditions. 

Representative results of an assay for synthetic activity is shown in Figure 18. 
The synthetic activity of the mutant DNAPTaq clones 4B-F was tested as follows: A 
master mixture of the following buffer was made: 1.2X PGR buffer (IX PGR buffer 
contains 50 mM KGl, 1.5 mM MgGlj, 10 mM Tris-Gl, ph 8.5 and 0.05% each Tween 
20 and Nonidet P40), 50 ^iM each of dGTP, dATP and dTTP, 5 ^iM dGTP and 0,125 
^iM a-^^P-dGTP at 600 Gi/mmol. Before adjusting this mixture to its final volume, it 
was divided into two equal aliquots. One received distilled water up to a volume of 
50 1^1 to give the concentrations above. The other received 5 ^ig of single-stranded 
M13mpl8 DNA (approximately 2.5 pmol or 0.05 ^iM final concentration) and 250 
pmol of Ml 3 sequencing primer (5 pM final concentration) and distilled water to a 
final volume of 50 \xl Each cocktail was warmed to 75°G for 5 minutes and then 
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cooled to room temperature. This allowed the primers to anneal to the DNA in the 

DNA-containing mixtures. 

For each assay, 4 \il of the cocktail with the DNA was combined with 1 )il of 
the mutant polymerase, prepared as described, or 1 unit of DNAPTaq (Perkin Elmer) 
in 1 iLil of dHjO. A "no DNA" control was done in the presence of the UNAPTaq 
(Figure 18, lane 1), and a "no enzyme" control was done using water in place of the 
enzyme (lane 2). Each reaction was mixed, then incubated at room temperature 
(approx. 22^C) for 5 minutes, then at 55°C for 2 minutes, then at 72^C for 2 minutes. 
This step incubation was done to detect polymerization in any mutants that might have 
optimal temperatures lower than 72*'C, After the final incubation, the tubes were spun 
briefly to collect any condensation and were placed on ice. One \il of each reaction 
was spotted at an origin 1.5 cm from the bottom edge of a polyethyleneimine (PEI) 
cellulose thin layer chromatography plate and allowed to dry. The chromatography 
plate was run in 0.75 M NaH2P04, pH 3.5, until the buffer front had run 
approximately 9 cm from the origin. The plate was dried, wrapped in plastic wrap, 
marked with luminescent ink, and exposed to X-ray film. Incorporation was detected 
as counts that stuck where originally spotted, while the unincorporated nucleotides 
were carried by the salt solution from the origin. 

Comparison of the locations of the counts with the two control lanes confirmed 
the lack of polymerization activity in the mutant preparations. Among the modified 
DNAPTag clones, only clone 4B retains any residual synthetic activity as shown in 
Figure 18, 

EXAMPLE 3 

5' Nucleases Derived From Thermostable DNA 
Polymerases Can Cleave Short Hairpm Structures With Specificity 

The ability of the 5' nucleases to cleave hairpin structures to generate a cleaved 
hairpin structure suitable as a detection molecule was examined. The structure and 
sequence of the hairpin test molecule is shown in Figure 19A (SEQ ID NO: 15). The 
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oligonucleotide (labeled "primer" in Figure 19 A, SEQ ID NO:22) is shown annealed to 
its complementary sequence on the 3' arm of the hairpin test molecule. The hairpin 
test molecule was single-end labeled with ^^P using a labeled T7 promoter primer in a 
polymerase chain reaction. The label is present on the 5' arm of the hairpin test 
molecule and is represented by the star in Figure 19 A. 

The cleavage reaction was performed by adding 10 fmoles of heat-denatured, 
end-labeled hairpin test molecule, 0,2uM of the primer oligonucleotide (complementary 
to the 3' arm of the hairpin), 50 \xM of each dNTP and 0.5 units of DNAPra^ (Perkin 
Elmer) or 0.5 \xl of extract containing a 5' nuclease (prepared as described above) in a 
total volume of 10 \xl in a buffer containing 10 mM Tris-Cl, pH 8.5, 50 mM KCl and 
1.5 mM MgClj. Reactions shown in lanes 3, 5 and 7 were run in the absence of 
dNTPs. 

Reactions were incubated at 55*" C for 4 minutes. Reactions were stopped at 
55° C by the addition of 8 ^il of 95% formamide with 20 mM EDTA and 0.05% 
marker dyes per 10 |li1 reaction volume. Samples were not heated before loading onto 
denaturing polyacrylamide gels (10% polyacrylamide, 19:1 crosslinking, 7 M urea, 89 
mM Tris-borate, pH 8.3, 2.8 mM EDTA). The samples were not heated to allow for 
the resolution of single-stranded and re-duplexed uncleaved hairpin molecules. 

Figure 19B shows that altered polymerases lacking any detectable synthetic 
activity cleave a hairpin structure when an oligonucleotide is annealed to the single- 
stranded 3' arm of the hairpin to yield a single species of cleaved product (Figure 19B, 
lanes 3 and 4). 5' nucleases, such as clone 4D, shown in lanes 3 and 4, produce a 
single cleaved product even in the presence of dNTPs. 5' nucleases which retain a 
residual amount of synthetic activity (less than 1% of wild type activity) produce 
multiple cleavage products as the polymerase can extend the oligonucleotide annealed 
to the 3' arm of the hairpin thereby moving the site of cleavage (clone 4B, lanes 5 and 
6). Native DNATaq produces even more species of cleavage products than do mutant 
polymerases retaining residual synthetic activity and additionally converts the hairpin 
structure to a double-stranded form in the presence of dNTPs due to the high level of 
synthetic activity in flie native polymerase (Figure 19B, lane 8). 
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